PREFACE 


The Army Institute for Professional Development (AIPD) administers the 
consolidated Army Correspondence Course Program (ACCP), which provides high- 
quality, economical training to its users. The AIPD is accredited by the 
Accrediting Commission of the Distance Education and Training Council (DETC), 
the nationally recognized accrediting agency for correspondence institutions. 


Accreditation is a process that gives public recognition to educational 
institutions which meet published standards of quality. The DETC has developed 
a thorough and careful evaluation system to assure that institutions meet 
standards of academic and administrative excellence before it awards 
accreditation. 


The many TRADOC service schools and DOD agencies that produce the ACCP materials 
administered by the AIPD develop them to the DETC standards. 


The AIPD is also a charter member of the Interservice Correspondence Exchange 
(ICE). The ICE brings together representatives from the Army, Navy, Air Force, 
Marine Corps, and Coast Guard to meet and share ideas on improving distance 
education. 
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INTRODUCTION 


This is the first of three subcourses that are an introduction to or refreshers 
for your knowledge of basic electricity. This reviews the mathematics you need 
to understand the basic operating principles of guided missile systems and 
electronic and radar circuits. Covered are algebra, logarithms, trigonometry, 
and vector algebra. 


Supplementary Requirements 


There are no supplementary requirements in material or personnel for this 
subcourse. You will need only this book and will work without supervision. 


Credit Hours 


Five credit hours will be awarded for the successful completion of this 
subcourse-a score of at least 75 on the end-of-subcourse examination. 


Administrative Instructions 


Change Sheets. If a change sheet has been sent to you with this subcourse, be 
sure you post the changes in the book before starting the subcourse. 


Errors on TSC Form 59. Before you begin this subcourse, make sure that the 
information already typed on your TSC Form 59 (ACCP Examination Response Sheet) 
is correct. You will find the correct subcourse number and subcourse edition 
number on the front cover of this book. If any of the information on your TSC 
Form 59 is incorrect, write to: 


The Army Institute for Professional Development (IPD) 
US Army Training Support Center 
Newport News, VA 23628-0001 


A new, correctly filled-out form will be sent to you. Do not correct the form 
yourself or send it to IPD. 


Questions, Changes, Corrections. If you have questions about enrollment or 
other administrative matters, write to IPD. If a change occurs or a correction 
needs to be made in your status (name, grade, rank, address, unit of assignment, 
etc.) notify IPD as soon as possible. These kinds of changes or corrections can 
be sent along on a separate sheet of paper with your completed TSC Form 59. 


Correspondence with IPD. In any correspondence with IPD, always write your 
name, Social Security Number, and the school code of your enrollment on each 


page. 


Grading and Certification Instructions 


When you have completed the subcourse, review any of the material covered that 
you are not sure of. Then take the end-of-subcourse examination. When you have 
completed the examination in the book, you must transfer your answers to TSC 
Form 69. The instructions on the form itself tell you how to mark your answers. 
Follow the instructions carefully. 


Once you have transferred your answers to the TSC Form 59, fold the form as it 
was folded when sent to you. Do not staple or mutilate this form! Place the 
form in the self-addressed envelope provided and mail it to IPD. No postage is 
needed. TSC Form 59 is the only material that you are required to return to 
IPD. If you return it as soon as you have completed this subcourse, you will 
get your next subcourse sooner. 


Grading. The highest score possible on the end-of-subcourse examination is 100. 
The grade structure for all ACCP subcourses is given below: 


Superior 95-100 
Excellent 85-94 
Satisfactory 75-84 
Unsatisfactory 0-74 


Your TSC Form 59 will be machine graded, and you will be notified of the 
results. Your grade on the examination will be your grade for the subcourse. 
No credit is given for grades below satisfactory (75). 


Certificates. When you have completed the subcourse successfully, IPD will send 
you a subcourse completion certificate. Keep it with your other personal copies 
of personnel material. Subcourse completion certificates can be used to support 
accreditation and other personnel actions. 


* * * IMPORTANT NOTICE * * * 


THE PASSING SCORE FOR ALL ACCP MATERIAL IS NOW 70%. 


PLEASE DISREGARD ALL REFERENCES TO THE 75% REQUIREMENT. 
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Lesson 1 
ALGEBRA 


Task. The skills and knowledge taught in this subcourse are common to all missile repairer tasks. 


Objectives. When you have completed this lesson you should be able to correctly solve equations using algebraic 
principles and involving exponents, radicals, and complex numbers. 


Conditions. You will have this subcourse book and work without supervision. 


Standard. You must score at least 75 on the end-of-subcourse examination that covers this lesson and lessons 2, 3, 
and 4 (answer 23 of the 30 questions correctly). 


Algebra extends the scope of arithmetic by introducing the concept of negative values and the use of letters for 
numbers. Letters used to represent quantities are called literal numbers. An algebraic expression is any combination of 
signs, numerals, and literal numbers. For example, a + b and x/2y are algebraic expressions. Signs are used to indicate 
whether numbers are positive (+) or negative (-), or they may indicate operations to be performed, such as, add (+) or 
subtract (-). 


THE ARITHMETIC 


Multiplication of two algebraic quantities need not be indicated by a sign. Just a position of terms can indicate 
multiplication. Thus, a X b ora. b may be written ab. In the expression ab, a and b are known as factors of the 
product. Each factor of a product is known as the coefficient of the other factor(s). 


The absolute value of a number refers to its magnitude, regardless of the sign preceding it. Numbers not preceded by a 
sign are assumed to be positive. For example, 8 is the absolute value of both +8 and -8. To designate absolute value, 
write 8 |. 


An exponent is a number or letter which indicates the power to which a quantity (called the base) is to be raised. It 
means the number of times the quantity is multiplied by itself. Thus the expression e* is read e to the x power, 
signifying that e is multiplied by itself x times. 


Any arithmetical or literal number, or the product or quotient of the numbers, is called a term. For example, 4, x, 25b, 
and x/y are terms. 


Terms which have identical literal parts are called similar or like terms, while those with unlike literal numbers are 
known as unlike terms. Thus 7a and a are like terms, while 7a and 7a’, or 8a, and 8b are unlike terms. 


Like terms may be added to or subtracted from each other. For example, 4x may be added to 5x to produce 9x, or 10y” 
- 3y° equals 7y’, since the literal numbers are the same in each case. The sum of numbers such as 4y and 5m? must be 
indicated as 4y + 5m” since y and m’ are unlike terms. 


Addition 


To add two numbers with the same sign, add their absolute values and write 
the common sign before the sum. 


+6 added to +3 equals +9 
-6 added to -3 equals -9 
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To add two numbers with opposite signs, take the difference of their absolute values and write the sign of the larger 
absolute value. 


+6 added to -3 equals +3 
-6 added to +3 equals -3 


Subtraction 


To subtract a quantity from another, change the sign of the quantity to be subtracted, then add the quantities following 
the rules of addition. 


(-6) - (-3) becomes (-6) + (+3) = -3 
(-3) - (-6) becomes (-3) + (+6) = +3 
(+6) - (-3) becomes (+6) + (+3) = +9 
(+6) - (+3) becomes (+6) + (-3) = +3 


Polynomials 
An algebraic expression containing two or more terms joined together by a plus (+) or minus (-) sign is called a 
polynomial. Thus, the expressions a + b - c and ab - ac are polynomials. A polynomial with only two terms is known 


as a binomial; one with three terms is known as a trinomial; and a single term such as a, b, 10a’b is a monomial. 


Polynomials are added and subtracted the same way single terms are. 


Addition Subtraction 
4da + 2b + 3c 3m* - 6n* 
+6a b + 7c -3m? - 8n2 
10a + 3b +10c 6m? + 2n? 


Signs of Grouping 

Certain symbols such as parentheses ( ), brackets [ ] and braces { } are used to group several quantities which are 
affected by the same operation and must be treated as a single quantity. For example, in the expression (4a” - 3ab) - 
(3a° + 2ab), the entire quantity of (3a° + 2ab) is subtracted from the first term. In removing a symbol or grouping that 
is preceded by a minus sign, change the signs of all terms included by the symbol. 


-(3a’ + 4ab - x) becomes - 3a’ - dab + x 


When one symbol of grouping appears within another, it is best to remove one set of grouping symbols at a time 
starting with the innermost symbol first. 


-[2am - (2a° + 5am) + a’] 
Remove inside parentheses to obtain 
-[2am - 2a” - 5am + a?] 
Remove brackets to obtain 


- 2am + 2a? + 5am - a” 
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Combine terms to obtain 
3am + a? 
Multiplication 


Multiplication of polynomials is similar to the arithmetical multiplication of numbers consisting of several digits. Thus 
(2c? - 3c - 5) (- 4c + 7) may be solved as follows: 


I? ~ 3c- 5 
X - 4c + 7 
14c? - 21c ~ 35 
- 8c? + 12c? + 20c 
— 8c? + 26c? - c — 35 


When multiplying, the sign, the exponent, and the coefficient must be considered. 
Sign. The product of two terms with like signs is positive. The product of two terms with unlike terms is negative. 
(+a) X (+b) = ab 
(-a) X (-b) = ab 
(-a) X (+b) = -ab 
Be careful to keep the proper sign when multiplying a long series of terms. 
(-a) X (-b) X (-c) = -abc 
Exponent. The exponent of any letter in the product is the sum of the exponents of the factors with the same base. 


a X a = a@*) = a 
a’ Xb? X a’ X BD? = a? *9 HE*? = a® dD? 


Coefficient. The arithmetical coefficient of the product is the product of the absolute values of the coefficients of the 
terms being multiplied. 


6x? X 2x° = 12x’ 
6X? X Dy = 19K" 


Division 


Division of one polynomial by another is similar to long division in arithmetic. One difference is that the dividend, 
divisor, and remainder (if there is one) must be arranged in order of ascending or descending powers of some letter. 


30c* +3-82c? =5c=11c? 
3c* —44 2c 
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Solution: 


10c? — 3c — 12 
3c? + 2c — 4)30c* + llc? - 82c2? - Sc + 3 
30c* + 20c? — 40c? 
- 93 — 42c? - 5c 
- 9 —- 6c? + 12c 
- 36c? - 170 + 3 
— 36c? — 24c + 48 
7c — 45 (remainder) 


In the division of polynomials, the sign, exponent, and coefficient must again be taken into consideration. 


Sign. The quotient of two positive or two negative quantities is positive; the quotient of a positive and negative 
quantity is negative. 


+ = a 
fra) se Tepe 


a 
-a) + (-b) = +— 
(-a) + (-b) . 
a 
-a) + (+b) = -— 
COCR ae 
Exponent. The exponent of any letter in the quotient is the difference of the exponents of the factors with the same 
base. 
4 
s =) (4-2)-5 3 
x 


In division, there is the possibility of obtaining zero and negative exponents. Any quantity with a zero exponent is 
equal to one. 


5 
= a (So) =a =n 


feb) 


Any quantity with a negative exponent is equal to the reciprocal of that quantity with the corresponding positive 
exponent. 


a 7 OF 
a a 


Coefficient. The coefficient of the quotient is the absolute arithmetic value of the dividend divided by the divisor. 
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THE MATHEMATICS 

Solving Equations 

Axioms. An equation is a statement that two quantities are equal. In solving an equation, you have to use axioms 
(statements accepted as true without proof). The following are a few of the more commonly used axioms plus 
examples that illustrate how they are used to solve problems. 

e If the same number is added to or subtracted from each side of an equation, the result is still an equation. 


x-5 =383 


Add 5 to each side. 


x-54+5 34+5 
x = 8 


e If both sides of an equation are multiplied or divided by the same quantity (not zero), the result is still an equation. 


5x = 25 
Divide by 5. 
ox — 25 
5 5 
x=5 


e If like roots or powers are taken of both sides of an equation, the result is still an equation. 


Square both sides. 


me? 
x=4 


Forming and Solving Equations. The solving of general equations cannot be explained by any set of rules, for these 
rules would not hold true in every case. The most important single thing to remember is to thoroughly understand what 
must be translated into mathematical language from the facts or wording of the problem being considered. The items 
below will help you to understand this. 


e Carefully read the problem. Be sure you understand all facts and relationships. 


e Determine exactly what you are looking for (the unknown quantity) and designate it by a different letter. If more 
than one unknown exists, try to represent them in terms of each other. 


e Select two expressions based on the facts of the problem that represent the same quantity and place them equal to 
each other. The equation, thus formed, can then be solved for the unknown. 
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Example: 


The first angle of a given triangle is 40° less than the second angle. The first angle is greater than the third angle by 
10°. Since the sum of the three angles in any triangle is 180°, how many degrees does each angle contain? 


Solution: 

First angle = second angle - 40° 

First angle = third angle + 10° 

Let x = first angle. 

Therefore, second angle = x + 40° and third angle = x - 10° 


Select two expressions and place them equal to each other. 


x + (x + 40°) +(x - 10°) = 180° 
3x + 30° = 180° 
3x = 180° - 30° 
3x = 150° 
x = 50° = first angle 
50°+40° = 90° = second angle 
50°+10° = 40° = third angle 


Factoring. Factoring is the process of finding two or more quantities, each called a factor, whose product is equal to a 
given quantity. For example, factoring the expression ax + ab - az would produce the expression a(x + b - z) which is 
still equal in value to the original expression. 


Fractions and Fractional Equations. A fraction is an indicated division in which the numerator is the dividend, and 
the denominator is the divisor. The value or ratio of the fraction is unchanged if both numbers are multiplied or 
divided by the same number (not zero). Dividing both numerator and denominator by the same number is called 
reduction to lower terms. 


TA DF 9 Gax _ 2X3ax _ 2x 
Fi VORG: 8 9a 3X 3a 3 


Addition and Subtraction. Fractions may be added to, or subtracted from, each other only when they have a common 
denominator. If the denominators are not alike, you may have to restate the fractions in terms of equivalent fractions 
with each having what is known as a least common denominator (LCD). 


3x 2x 

fis aa ae 
5 6 

Since the least common denominator is 60, the problem resolves into the following equivalent expression. 


15x , 36x 20x — 15x+36x-—20x — 5lx—-20x _ 31x 
60 60 60 60 60 60 


Multiplication. Multiplication of two fractions involves finding the product of both the numerators and the 
denominators. Frequently, it is possible to further reduce the resulting answer by factoring out common terms and 
dividing or "cancelling out" these terms. 


2ac Ly tae 2ae XT. are! anc 
b d 2a bX dX 2a 2abd bd 
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Complex fractions. Complex fractions are fractions which contain fractions in both the numerator and denominator. 
They may be solved as simple division problems. 


Solution: 


a(b). ,@) . ab . .atb _ aby cc _ 
c Cc c 

Simultaneous Linear Equations. Simultaneous linear equations are two or more equations that contain only first 

powers of the unknown quantities and no products of unknowns. They are also equations that have only certain 

common values of the unknowns. You can solve for the unknowns obtained by graphing, by elimination by addition or 

subtraction, by elimination by substitution, or by using determinants. Of these methods, elimination by subtraction is 

the most common. Solve for e and i in the following two equations. 


2e + 10i = 25 (1) 
5e - 8i = 46 (2) 
Solution: 


Multiply equation (1) by 4, and get 

8e + 40i = 100. (3) 
Multiply equation (2) by 5, and get 

25e - 40i = 230. (4) 


Add equation (4) to equation (3). 


Be + 40i = 100 (3) 
25e - A0i = 230 (4) 
33e + 0 = 330 (5) 


Divide equation (5) by 33, and get 
e = 10. (6) 


Substitute the value of e from equation (6) in either equation (1) or (2) 


2(10) + 10i = 25 (1) 
20+ 10i = 25 
10i = 25-20 
ia eee 
10 2 


MMO0702, Lesson 1 


Therefore, for the given conditions: 


j=) 


e= 


10. 
: 1 
1 —. = 
2 


Exponents, Radicals, and Complex Numbers 


Exponents. Remember that an exponent is a number or letter multiplied by itself some indicated number of times. 
Remember, too, that a number raised to the zero power is equal to 1 (x° = 1), and that a negative exponent is the same 
as the reciprocal of the quantity to the same positive exponent (x-? = 1/x*). Now consider the significance of a 
fractional exponent. By squaring the quantity x’, you obtain (x'”)(x"”). By adding the exponents (x’” + “”), as in any 
other multiplication of exponential numbers, we now obtain x1 or x as the result. By reversing these procedures, you 
can state that the square root of x is x'”. Also, by the same reasoning, (x) is the cube root of x and so on. In the 
expression x”” (which reads x to two-thirds power), you can say that it is equivalent to the cube root of x’ or it can be 


expressed mathematically as %/— x? 


Radicals. Sometimes it is necessary to simplify an expression involving radicals (square roots, cube roots, etc.) 
without changing its value. It may be possible to divide the quantity under the radical (the radicand) into two factors 
and then take the root of one of the factors (see below). 


V80 = Ji6X5 = 475 


Viem = ¥8X2m = 242m 


Should the quantity under the radical be a fraction, multiply both numerator and denominator by a number which will 
make it possible to extract the root of the denominator. 


ee oe 


DAn. 3 
foo yA x Safe = PAs ABs 2 a 
x 


3 3 3 
x x x x 


—_ 
a 

iN) 
as 

N 


Radicals may be multiplied by other radicals provided they are of the same root. To do this, multiply the coefficients 
to get the new coefficient and multiply the radicands to get the new radicand of the product. 


AV x + 3x =7Vx 
sa/y —38/y =23/y 


Radicals may be multiplied by other radicals provided they are of the same root. To do this, multiply the coefficients 
to get the new coefficient and multiply the radicands to get the new radicand of the product. 


2Va x 3vb = 6Vab 
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Division of radicals is the reverse of multiplication. Coefficient is divided by coefficient, and radicand is divided by 
radicand. 


6V5 _, [5 
3/6 6 


It is usually better to eliminate the fraction under the radical. The value 2,/5/6 may be further changed as follows. 


aye =2yexe 24 = 130 130 


6 6 6 36 


Since fractions involving radicals in the denominator are normally clumsy to manipulate when solving algebraic 
expressions, it is often better to rearrange the fraction so that a whole number, a fraction, or mixed number will appear 
in the denominator only. To eliminate a radical from the denominator of a binomial expression, use the process known 
as rationalization of the denominator. 


In this instance, the numerator and denominator are multiplied by the conjugate of the denominator. (A conjugate is 
the same expression with the sign reversed between the terms.) To illustrate this procedure, consider the expression 


5 


B24/5, 


Multiply 
3 


is the conjugate of 
3-2 


Therefore, 


5 3tv2 5 G+ /2) 
3-2 3442 (3-2) 8+./2) 
15452 
9-3/2 +3)2—2 
154+5V2 
9-2 


ieeasree 
7 
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Complex Numbers. Thus far you have dealt only with the roots of positive numbers. Consider now negative 
quantities appearing under radicals, such as -x or y-3. There is no quantity that when squared, will produce -x or -3; 
therefore, the square roots of negative numbers are designated as "imaginary numbers." The expressions J-x and J-3 
can each be visualized as (./-1) (x) and (y-1) (73). The term /-1 has been arbitrarily designated "i," an imaginary 
number equal to /-1. (In electrical work and in this subcourse, the symbol "j" is used since the symbol "i" is used to 
designate current.) The term J-x can now be further expressed as j/x, and the term /-3 can be expressed as j/- 3. The 
following relationship for j (or i) will prove helpful when solving problems involving imaginary numbers (figure 1-1). 


ae 
Es 


fa =i 


IES 


y 
. 


IMAGINAR 


AXIS OF 


Figure 1-1. Plotting Real and Imaginary Numbers. 


The quantity ./-1 is usually referred to as the "j operator" and is frequently used in the solution of alternating current 
problems. Real and imaginary quantities can be graphically represented by four positions of a unit vector as in figure 
1-1. Positive real numbers are plotted horizontally to the right, and negative real numbers are plotted horizontally to 
the left. Positive imaginary numbers are plotted vertically above the horizontal axis, and negative imaginary numbers 
are plotted vertically below the horizontal axis. 


A complex number is the sum or difference of a real quantity and an imaginary quantity. Thus, 5 + j3 and 2 - j2 are 
complex numbers. Complex numbers can be easily combined if you combine the real and imaginary portions 
separately. 


Add (5 + j3) and (2 -j2). 
5+ j3 


+2—-j2 
7+j 


10 
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Subtract (5 + j3) from (6-j4). 


6-j4 
=5= 3 
iar 


Multiplication of complex numbers is identical to the procedure for the multiplication of binomials; however, whenever 
the term j* appears in the final result it is replaced by its actual value of -1. 


(5 + j3) (2 — j2) 


5+ j3 
2-2 
10+ j6 
— jl0-7°6 
10-j4-j°6 
Therefore, 
10-j4-j6 = 10-j4-(-1)6 
= 10-j4+6 
= 16-74 


Division of complex numbers entails the rationalization of the denominator and division of the real number you get in 
the denominator into the numerator. Consider the expression 


(5 +j3) LC) Q-j2). 


You first rationalize the denominator by multiplying both numerator and denominator by the conjugate of the 
denominator. 


5+ j3 x 2+j2 — 10+ jl6+ j26 


aq DEAD 4 = jrd 


Simplify the new expression by replacing j2 with -1 and combining the terms as follows. 


10+ jl6+ j26 = 10 + jl6+(-1)6 
= 10+ jl6—6 
oa ee ae 
= 4+ jl6 
8 
0.5 + j2 


Quadratic Equations 


Equations assuming the general form ax* + bx + c = 0 are known as second degree or quadratic equations in x. (The 
degree is established by the highest exponent value of x, which in this instance is x’.) A quadratic equation may be 
solved by several methods, including graphing, completing the square, and factoring, or by using the formula 


11 
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—b+/b* — 4ac 


So 
2a 


where a, b and c are respectively the coefficients of x’, x, and the constant term. Before applying the formula, arrange 
the equation into the general form ax’ + bx +c = 0. The following example illustrates the use of the quadratic 
formula. 
Solve for x in the equation 
x+3x* = 10. 
Rearrange terms. 


3x* + 8x- 10 = 0 


The coefficients for use in the formula are 


a = 3, 
b = 8, 
c = -10. 


Substituting in the formula and solving, you get 


—8+,/64 + 120 


6 


—8+ 184 


6 


—8 £13.56 
a 6 


—21.56 5.56 
or —— 
~ 6 
= -3.59 or 0.93. 
The quantity b* - 4ac, which appears under the radical in the formula, is called the discriminant. It indicates the type of 


roots. If b* - 4ac is positive, there are two real and unequal roots; if b” - 4ac is negative, the roots are imaginary and 
unequal; if b* -4ac equals zero, the roots are real and equal. 


12 
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REVIEW EXERCISES 


1. Which of the following is the proper notation of the absolute value of a 
number? 


a 5. 
b. -5 
c (5). 
d. |5| 


2. Which of the following numbers is the one having an exponent? 


a 2X 
b 2/x 
Gy 364 
d. (4x). 


3. What is the right answer to the following equation? 


6-3+6+4=5 


a 16. 
8) 13. 
c -13. 
d. -16. 


4. What is the correct answer to the following problem? 


Subtract: 
3x? - 6y? 
Eke SU BYye 

a. -14y?. 


b. 6x? + 2y?. 
Can “6XG>S- DY 


d. 6x? - 14y?. 


13 
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5. Which is the number surrounded by braces? 


a. |5|. 
ba: a): 
c. [10]. 
d. {9}. 


6. What is the correct answer to the following equation? 


(6x3) (2x4) + 3x7 = 


a. 15x’ 
b. 15x? 
Gs, oy? 
d. 15. 


7. Which of the following is the correct expression of a quantity having a 
negative exponent? 


x3 = 
Aa SCs 
b. 1/x? 
Gs. e772. 


8. Which of the following is the correct answer to the problem? 


Solve for x. 


x7 =8-4 
a = 4 
b. =2 
c = 8. 
d. = -2 


14 
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9. Which of the following is the correct answer to the problem? 
Factor ax? + bx = cy - dy? 
a. y(ax + b) = x(c - dy). 
b. ax? +be=c - dy’. 
c. x(ax + b) = y(c - dy). 
dy ab +x? = ed = YF. 


10. Which of the following is the correct expression for i or j? 


Waal 
b. j2. 


c. j3. 


d..V-1 


Recheck your answers to the Review Exercises. When you are satisfied that you 
have answered every question to the best of your ability, check your answers 
against the Exercise Solutions. If you missed three or more questions, you 
should retake the entire lesson, paying particular attention to the areas in 
which your answers were incorrect. 


Lesson 1 Review Exercise Solutions 


15 
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REVIEW EXERCISES SOLUTIONS 


1. Which of the following is the proper notation of the absolute value of a number? 


c. (5). 
d. (sl. 


2. Which of the following numbers is the one having an exponent? 


d. (4x). 
3. What is the right answer to the following equation? 


6-3+6+4= 


c. -13. 
d. -16. 
4. What is the correct answer to the following problem? 
Subtract: 
3x° - 6y” 
-3X? - By? 
a. -14y’. 
be Gx 4 2y’. 
c. 6x’ - 2y’. 
d. 6x? - 14y’. 
5. Which is the number surrounded by braces? 
a. | 5 | ; 
b. (7). 
c. [10]. 
d. {9}. 
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6. What is the correct answer to the following equation? 
(6x3) (2x4) + 3x7 = 
a. 15x’. 
by 15x", 
c, 12x°, 
d. 15. 


7. Which of the following is the correct expression of a quantity having a negative exponent? 


Dis. 1/x?, 


a 


c. x1. 
d. vx°. 


8. Which of the following is the correct answer to the problem? 


Solve for x. 
x =8-4 
a. =4. 
b. =2 
c. =8. 
d. =-2 


9. Which of the following is the correct answer to the problem? 
Factor ax’ + bx = cy - dy” 
a. y(ax + b) = x(c - dy). 
b. ax? +b=c- dy’. 
c. x(ax +b) = y(c - dy). 
d. ab+x°=cd-y’. 
10. Which of the following is the correct expression for i or j? 


a.. v1. 


Lesson 1 
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Lesson 2 
LOGARITHMS 


Task. Skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to describe the parts of a logarithm and use 
logarithmic procedures to solve problems correctly. 


Conditions. You will have the subcourse book and work without supervision. 


Standard. You must score at least 75 on the end-of-subcourse examination that covers this lesson and lessons 1, 3, 
and 4 (answer 23 of the 30 questions correctly). 


In lesson 1, you saw that exponential terms with like bases can be multiplied, divided, squared, etc., by keeping their 
bases and performing simple addition, subtraction, multiplication, or division of their exponents to get the solution (see 


the following four examples). 


a isa. Se ae cae 
aK a SS ae 

(a)? = ak??? = 8 
ie en? 


Jat = 


Sometimes complicated arithmetical computations can be simplified by writing the numbers as powers of some base. 
Consider a very simple example in which powers of 2 are used. The first 12 powers of 2 are arranged as shown. 


Exponent 1 2 3 4 5 


6 


7 


8 


9 


10 


11 


12 


Powers of 2 2, 4 8 16 32 


64 


128 


256 


512 


1024 


2048 


4096 


Problem: 


Find the product of 16 and 64 using the powers of base 2 chart above. 


Solution: 


Since 16 x 64 = 2* x 2° = 2", you can find the product of 16 and 64 as follows. 


Find the corresponding exponents 4 and 6 above 16 and 64 in the chart. The sum of these exponents is 10, and the 
number that corresponds to the exponent 10 in the table, 1,024, is the product of 16 and 64. 


Other examples follow. 
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Example 1. 
4096-512 = 2”%+29 
= pte -9) 
23 

S68 

Example 2. 

2084 X 4096 X 256 pit x 912 x 98 
64X512X32X16 ~~ xoxox 4 


2 (114+12+8) 


7(6+945+4) 


= (81-24) 


=. 97 
= 128 

As you can see, you are limited in the choice of numbers that can be manipulated by this short method because the 

table is small. While it would be possible by advanced mathematics to compute fractional exponents for numbers 

between those given in the second row of the table above, it is more practical for computational purposes to use a table 


based on powers of 10 instead of powers of 2. 


Exponents used for the computation above are called logarithms. Thus, since 8 = 23, the logarithm of 8 to the base 2 is 
3. In abbreviated form this is written as 


log»8 =3. 


When 10 is used as the base, you have the following. 


log iol = Osince1=10° 
log 1910 = 1 since 10 = 10 
logi9100 = 2since100=107 
logio1,000 = 3since 1,000 = 10° 
log 190.1 _ 


1 since 0.1 = Boe =107 
10 


108100.01 = 9 since 0.01 = 2 = 10? 


The log of any number between 0 and 10 will be a fraction between 0 and 1; the log of any number between 10 and 100 
will be a value between 1 and 2, and so forth. 
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You are now ready to consider a more formal statement concerning logarithms. The logarithm of a quantity is the 
exponent or the power to which a given number, called the base, must be raised to equal that quantity. If N = 10", the 
exponent x is the log of N to the base 10. 


TERMINOLOGY 

Systems 

Two numbers have been selected as bases, resulting in two systems of logarithms. One base, 2.718, usually indicated 
by the letter (e), is used in the "natural" logarithm system. The other base is 10 and is used in "common" system of 
logarithms. In the common system, the base 10 is usually omitted in the logarithmic expression. Thus, log 191,000 = 3 
is usually written log 1,000 = 3. In the natural system, the base e is usually written in the logarithmic expression. The 
logarithms discussed in this subcourse are "common" logarithms. 

Parts of a Logarithm 

For numbers not exact powers of 10, the logarithm consists of two parts: a whole number, called the "characteristic", 
and the decimal part, called the "mantissa." For example, the logarithm of 595 is 2.7745. In this instance, the 
characteristic is found by inspection while the mantissa is obtained from log-arithmic tables. 


Characteristic. The characteristic of a logarithm can be determined by the following rules. 


e = The characteristic of the logarithm of a number greater than 10 is positive and is one less than the number of digits 
to the left of the decimal point. 


Number Characteristic 
5 0 
23 1 
567.8 2 
8432.29 3 


e = The characteristic of the logarithm of a number less than one is negative and is equal to one more than the number 
of zeros immediately to the right of the decimal point. 


Number Characteristic 
532 -1 
.034 2 
.00509 -3 


Mantissa. The mantissa of a logarithm is found from a table of logarithms. Numbers which have the same sequence 
of digits, but differ only in the location of the decimal point, have the same mantissa. 


Number Mantissa 
595 7745 
59.5 7745 
595 7745 
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PROCEDURES 
Finding the Logarithm of a Number 


Table 2-1 at the end of the lesson is a complete, four place logarithm table. The first column in the table contains the 
first two digits of numbers whose mantissas are given in the tables, and the top row contains the third digit. To find the 
logarithm of a number such as 58.4, first determine the characteristic by inspection. In this instance it is 1 (one less 
than the number of digits to the left of the decimal point). Now look in the table to determine the mantissa. Remember 
that the mantissa is the decimal portion of the logarithm and, although it is customary to omit the decimal point in the 
construction of tables, it must be put in when writing the complete logarithm. Referring to table 2-1, look down the 
left-hand column for the first two digits, find 58; then go across to the column labeled 4, find the mantissa: .7664. 

The logarithm for 58.4 is therefore: 


log 58.4 = 1.7664. 
To find the logarithm of a number with more than three digits, use the process called interpolation. To illustrate this 
process, determine the logarithm of 5,956. The mantissa for 5,956 is not listed in the table; however, the mantissas for 
5,950 and 5,960 are listed. (The mantissa for 5,950 is the same for 595, etc.) Since 5,956 lies between 5,950 and 


5,960, its mantissa must lie between the mantissas for these two numbers. 


Arrange the numbers in tabular form. 


Numbers Characteristic Mantissa 
5,960 3. 7,752 
5,956 3. ? 
5,590 3. 7,745 


Since 5,956 lies 6/10 of the way between 5,950 and 5,960, the mantissa must be 6/10 of the way between .7745 and 
.7752. Since the difference between the two is .0007, and 6/10 of .0007 is .00042, add .00042 to the mantissa of 5,950, 
and get the result, .77492. The complete logarithm of 5,956, therefore, is 3.77492, rounded off to 3.7749. 

Negative Characteristics 

When the characteristic of a logarithm is negative, do not put the minus sign in front of the logarithm; it applies only to 
the characteristic and not the mantissa. Instead, add 10 to the negative characteristic and indicate the subtraction of 10 
at the end of the logarithm. Thus the characteristic, if -2, is written: 


8. Mantissa -10. 


Another method frequently used is to place the negative sign directly above the characteristic. For example: 


ON Mantissa 4. Mantissa 
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Antilogarithms 


The number corresponding to a given logarithm is called the antilogarithm of that number. It is written "antilog" or 
log’. To find the antilog, reverse the process for determining the logarithm. To find the antilog of 1.8102, locate the 
mantissa, .8102, in table 2-1. It is in line with 64 and column 6. Thus, the number corresponding to this mantissa has 
the digits, 646. To determine the correct position of the decimal point, reverse the procedure used to determine the 
characteristic. Since the characteristic is 1, there must be two digits to the left of the decimal point. The correct 
answer, therefore, is 64.6. In some instances, the exact mantissa cannot be found in the tables. You must then use the 
process of interpolation. 


Problem: 


Find the antilog of 3.7690. 
Solution: 
Again referring to table 2-1, you find that .769 lies between the mantissa .7686 (587) and .7694 (588). The difference 


between the mantissas .7686 and .7694 is .0008. The difference between .769 (the given mantissa) and .7686 is .0004. 
Find the number corresponding to .7690 by taking .0004/.0008 of 1 or .5 and adding it to 587 and get 5875. Since the 


given characteristic was 3, you know that there must be two zeros to the decimal point in front of the first digit. 
Therefore, the correct answer is 0.005875. 


Computations with Logarithms 
To compute using logarithms, the general rules described for the manipulation of exponents apply. 


Multiplication. To multiply two numbers, add their logarithms and find the antilog of the result. 


6,952 X 437 = ? 
Log6,952 = 3.8421 
Log 437 = 2.6405 (sum) 
6.4826 
antilog 6.4826 = 3,038,000 


Actual multiplication of 6,952 x 437 would give the result 3,038,024, or an error of .0008 of one percent. The error is 
due to the number of places in the logarithm tables. Greater accuracy would result from using 5 or 7 place tables. 


Division. To divide two quantities, subtract the logarithm of the divisor from the logarithm of the dividend and find 
the antilog of the result to obtain the quotient. 


6,952 + 437 = ? 
log 6,952 = 3.8421 
log 437. = 2.6405 (subtract) 
1.2016 
antilog 1.2016 = 15.908 
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Therefore, 
6,952 + 437 = 15.908. 


Powers. To raise a quantity to a power, multiply the logarithm of the quantity by the exponent or the power and find 
the antilog of the result. 


6.2 = ? 
log (5.2) = 6log5.2 
6log5.2 = 0.7160 X 6 
= 4.2960 
antilog 4.296 = 19,768 


Therefore, 
(5.2)° = 19,768. 


To raise a quantity to a negative power, proceed as follows. 


(45.6)°> = ? 
log (45.6)? = 310g 45.6 
log 45.6 = 1.6590 X -3 
= -4.9770 


Since logarithm tables list only positive values of the mantissa, change the logarithm above by subtracting from 
10.0000 - 10). 


10.0000 - 10 
4.9770 


5.0230 —10 or 5.0230 


The antilog of 


5.0230 = 0.00001054. 
Therefore, 
(45.6)* = 0.00001054. 


Roots. To find the root of a quantity, divide the logarithm of the number by the indicated root and find the antilog. 


$1572 = ? 
log ¥1.572 ; log 1.572 
Log 1.572 = 0.1965 
0.1965 = 0.0655 
3 
antilog 0.0655 = 1.163 
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Therefore, 
¥1.572 = 1.163. 
Sample solution of complex problem. Solve 


439 X 6,793 X 4/8.43 
(4.6)? X14.9 X v1.02 


Next, simplify the problem by arranging the terms in the following manner. 


Numerator: 
log 439. = 2.6425 
log 6,793 = 3.8321 

log 48.43 = 8.43 + 4 = 0.2315 (sum) 

6.7061 

Denominator: 
log (4.6)° = 3log4.6 = 1.9884 
log 14.9 = 1.1732 


0.0043 (sum) 
3.1659 


log 1.02 = 1.02 + 2 


Now, subtract the log of the denominator (3.1659) from the log of the numerator (6.7063). 


6.7061 
—3.1659 


3.5402 
antilog 3.5402 = 3,470 


Therefore, 


439 X 6,793 X 4/8.43 


= 3,470 
(4.6)? X14.9 X 1.02 


POWERS OF TEN 


Frequently it is desirable to determine quickly and with a reasonable degree of accuracy the result of an expression 
which contains large or cumbersome numbers. At first glance, the expression 


536,000,000 X . 00625 X 482 (1) 
000006 X 6,213 


brings visions of tedious multiplication and division by conventional methods. The use of logarithms would shorten 
the calculations, provided logarithm tables were readily available. Suppose, however, our problem could be reduced to 
some simple expression such as: 
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5.4X.6.3X4.8 (2) 
6X6.2 


One could arrive at an approximate but fairly accurate answer by merely performing several simple multiplication and 
division steps. The solution to (1), gotten by conventional multiplication, is 


4,331,509,201 (3) 
or approximately 

4,332,000,000. (4) 
The approximate solution to (2) is 

4.32. (5) 
Simplification 
Ignoring the number of zeros or the placement of the decimal points for a moment, notice the simplicity of the digits 
appearing in (4) and (5). If a simple method were available for determining the position of the decimal point, we 
would have a virtual "engineers' shorthand" at our disposal. Such a system, known as the powers of 10, does exist and 
is based upon the relatively simple rules of exponents described in the preceding portions of this subcourse. 
To begin with, the number 536,000,000 can be written 

536 X 1,000,000 

One million can be expressed (using the principle of exponents) as 10°. The number can now be written 


536 X 10°. 


The value 536, however, can be further reduced to 5.36 x 100, and 100 is equal to 107. The number 536,000,000 may 
now be written 


5.36 X 10° X 10°. 
Combining the exponents, you get a further simplification, 
5.36 X 10) °°? 
or 
5.36 X 10°. 
The number .000625 can also be rewritten 


6.25 X .0001. 


Recalling again the laws of exponents and powers of 10, you can see that .0001 is equivalent to 10-4. The expression 
now becomes 6.25 x 10*. 


Every number in the original expression can now be rewritten in the form of some small number multiplied by some 
power of 10. 
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536,000,000 X .000625 X 482 _ 
.000006 X 6,213 


(5.36 X10") X (6.25X10~) (4.82 X10°) 
(6X10°°) X (6.213 X10°) 


Regrouping the terms, you get 


(5.36 X 6.25) X 4.82) (10°X104 102) _ 
(6 X 6.213) (10°° X10°) 


(5.36 X 6.25 X 4.82) (10°) 
(6 X 6.213) (10°) 


5.36 X 6.25 X 4.82 X (10°) 
6 X 6.213 
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You can now perform either an exact or approximate multiplication and division of small numbers. Assuming you are 
interested only in an approximate answer, you can reduce the fraction as follows: (= means "approximately equal to") 


5.36 X 6.25 X 4.82 X 10° 
6 X 6.213 


IR 


1 8 
5.4 X G3 X 462 X 10° _ 
aes 


5.4 X 0.8 X 10° 


IR 


4.32 X 10° 


WR 


Referring again to the exact answer of 4,331,509,201, you find that you are accurate to within 2/10 of 1 percent, 


normally an acceptable degree of accuracy. 


Rules 


Two basic rules for converting numbers to powers of 10 can be stated as follows: 


1. To express a large number as a small number times a power of 10, move the decimal point left to the desired 
location and count the number of places to the original decimal point. The number of places moved will be the proper 


positive exponent of 10. 


45 = 45 X 10! 

A50 =. -A5 XK 107 
4500 = 45 X 10° 
45,632 = 4.5632 X 104 
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2. To express a decimal as a whole number times a power of 10, move the decimal to the right and count the number 
of places moved. The number of places moved is the proper negative exponent of 10. 


0.6 = 6X10? 

0.06 = 6X 10° 

0.006 = 6X 10° 

0.0006 = 6X 10% 
Reciprocals 


Frequently in electronics, expressions will be encountered that involve reciprocal quantities (1 over a particular 
number), such as 


em 2nfc 


Such problems are easily solved by utilizing the powers of 10 system. For example, the quantity 


1 
40,000 X 0.00025 X 0.000125 


can be solved as follows: 
Convert all quantities in the denominator to their proper power of 10. 


1 
(4 X 104) X (2.5 X 104) X (1.25 X 1074) 


Multiply the numbers and combine the exponents to obtain one final power of 10. 


pee) tees 
12.5 X 1074 


Divide 1 by 12.5, move 10-4 to the numerator, and reverse the sign of the exponent (remember 1/x* = x’). You now 
get 


.08 X 10* 
Moving the decimal point 4 places to the right, you get the answer, 800. 
Numerical Prefixes 
Throughout your study of electronics you will frequently encounter quantities which are exceptionally large or 
exceedingly small in value. To make it easier to express various units such as volts, cycles, amperes, and ohms in 
terms of their absolute values, metric prefixes such as kilo, mega, micro, and milli are added to the word. The use of 
these prefixes or their abbreviations reduces the requirements for writing large numbers because they are based on 


powers of 10. At the end of this lesson is a list of these prefixes and their abbreviations are in table 2-2. Table 2-3 is a 
conversion table for multiplying units exponentially. Table 2-4 shows exponential differences between units. 
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32 
33 
34 
a5 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


Table 2-1a. Four-Place Common Logarithms of Numbers. 
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Table 2-1. Four-Place Common Logarithms of Numbers (cont). 


50 
$1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 


SESES LSSSS SeAsa 
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Table 2-1. Four-Place Common Logarithms of Numbers (cont). 


Table 2-2. Abbreviations for Metric Prefixes Table 2-3. Exponential Multiplication Tables. 


To Obtain 


Units Centiunits 
Units 3 Kilounits 
Units Megaunits 
Units Microunits 
Units Milliunits 
Centiunits Units 
Kilounits Units 
Megaunits Units 
Microunits Units 
Milliunits : Units 
Kilounits Kilounits 
Megaunits Kilounits 


Megaunits Microunits 


Microunits Megaunits 


Microunits 3 Milliunits 
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Table 2-4. Exponential Differences Between Units. 


FROM 


KILO UNITS CENTI MILLI MICRO 


Peep =P [—f=f— 
formf — | | [=[—[— 
fem] —(—[—[ [=| — 
Pall —[—[—[—| = 


The numbers indicate the number of places, and the arrows indicate that di- 
rection in which the decimal point moves. Units represent all fundamental 
terms of measure, such as, volts, amperes, ohms, etc. Read the chart from left 
to right only as indicated in the upper left-hand block. 


Example: Convert 0.2 amperes to microamperes. Find the biock marked units 
in the left-hand column. Follow the line across until you are under the block 
marked micro. You read 6—*-, which indicates the decimal! is to be moved six 
places to the right. Therefore, 0.2 amperes is equivalent to 200,000 
microamperes. 

Example: To convert megacycles to kilocycles, read on the mega line across 
and under kilo. There you find 3—»-; therefore, 50 megacycles would become 
50,000 kilocycles. 


Lesson 2 Review Exercises 
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REVIEW EXERCISES 


1. What is the answer to the following problem? Convert to base 2 and give the answer in base 2. 
128 x 32 = 


a De 


G2 
d. 4". 
2. Which of the following base numbers do natural logarithms use? 
a. 3.1418. 
b. 10. 
c. 2. 
d. 2.718. 
3. Which of the following base numbers do common logarithms use? 
a. 3.1418. 
b. 10. 
C223 
d. 2.718. 
4. What is the decimal part of the logarithm called? 
a. Mantissa. 
b. Exponent. 
c. Characteristic. 


d. Reciprocal. 
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5. What would be the correct number for the "characteristic" for the following number? 


6. What is the correct answer when you multiply the following numbers using logarithms? 


7. What is the antilogarithm of the following number? 


8. What is the correct way to solve the following problem using powers often? 


30 


.00509. 


a. -5. 


c. -3. 


d. +3. 


5,280 x 360 = 


a. 19,008. 


b. 1,900,800. 


. 1,900. 


d. 1,901. 


Cc 


d 


6.4826 
. 6,482,600. 
. 3,380,000. 
. 000003038. 


. 3,241,300. 


é 1 


~ 6.28 x 1000 x .00000005 


a. .3185 x 10°. 


. 3.185 x 10°, 


c. 6,281. 


d 


. 6,360,000. 


MM0702, Lesson 2 


MMO0702, Lesson 2 


9. What would be the correct symbol for the following number, expressed as micro? 
.000159 
a. 159hp. 
b. 1.59p. 
c. 1.59m. 
d. 159 x 10". 
10. What will be the correct answer to the following problem in powers of 10? 


200 Kilo 
100 Milli 


a. 2 X 10°. 

b. 2 X 10°, 

c. 200. 

fy 22 10°, 
Recheck your answers to the Review Exercises. When you are satisfied that you 
have answered every question to the best of your ability, check your answers 
against the Exercise Solutions. If you missed three or more questions, you 


should retake the entire lesson, paying particular attention to the areas in 
which your answers were incorrect. 


Lesson 2 Review Exercises Solutions 


31 


MMO0702, Lesson 2 


REVIEW EXERCISES ANSWER KEY 


1. What is the answer to the following problem? Convert to base 2 and give the answer in base 2. 
128 x 32 = 


4.2 


i 2 
d. 4". 
2. Which of the following base numbers do natural logarithms use? 
a. 3.1418. 
b. 10. 
c. 2. 
d. 2.718. 
3. Which of the following base numbers do common logarithms use? 
a. 3.1418. 
b. 10. 
c. 2. 
d. 2.718. 
4. What is the decimal part of the logarithm called? 
a. Mantissa. 
b. Exponent. 
c. Characteristic. 


d. Reciprocal. 


29 


5. What would be the correct number for the "characteristic" for the following number? 
.00509. 
a. -5. 
b. 0. 


. 73. 


Ke) 


d. +3. 
6. What is the correct answer when you multiply the following numbers using logarithms? 
5,280 x 360 = 


a. 19,008. 


ox 


. 1,900,800. 


ie 


1,900. 
d. 1,901. 
7. What is the antilogarithm of the following number? 
6 .4826 
a. 6,482,600. 
b. 3,380,000. 


. .000003038. 


ie 


d. 3,241,300. 
8. What is the correct way to solve the following problem using powers of ten? 


P 1 
6.28 x 1000 x .00000005 


3185 x 10°. 


p 


. 3.185 x 10°, 


ic 


io) 


. 6,281. 


d. 6,360,000. 
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9. What would be the correct symbol for the following number, expressed as micro? 


.000159 


|@ 


. 159p. 
b. 1.59p. 
c. 1.59m. 
d. 159 x 10°. 
10. What will be the correct answer to the following problem in powers of 10? 


200 Kilo 
100 Milli 


a. 2 X 10°, 
b. 2 X 10°. 
c. 200. 


. 2X 10°. 


. 


Lesson 2 
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Lesson 3 
TRIGONOMETRY 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to explain how trigonometric functions are 
derived and be able to use those functions to solve trigonometric problems correctly. 


Conditions. You will have this subcourse book and work without supervision. 


Standard. You must score at least 75 on the end-of-subcourse examination that covers this lesson and lessons 1, 2, 
and 4 (answer 23 of the 30 questions correctly). 


The development and operation of the guided or ballistic missile are based, to a large degree, upon the basic principles 
of trigonometry. The problems of determining the position of the target in relation to the launch point and the 
calculations incident to sending a missile to some predetermined point in space or to a point on the surface of the earth 
all involve some form of trigonometry. Furthermore, many electrical problems, when reduced to triangular 
equivalents, can be easily and quickly solved by use of trigonometry. 


Trigonometry is that phase of mathematics which is concerned with the relationships of sides and angles of a triangle to 
each other. Several special relationships called trigonometric functions hold true in a right triangle. These 
trigonometric functions will be the subject of discussion in this lesson. 


In the right triangle (figure 3-1), for a given condition of angles, the sides of the triangle will always increase or 
decrease in the same mathematical proportion and the angles will always total 180°. For example, consider the 
following triangle. 


Figure 3-1. Right Triangle Enlarged. 


a2 
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In it, the angle 8 = 30°, and the length of the hypotenuse is equal to 1 ft. (@ means "unknown angle," but is often used 
as angle 8.) Accurate physical measurement of side BC will show that it is equal to 6 in or 0.5 ft, and side AC will be 


0.866 ft. 


Double the length of AB to AB’, making it exactly 2 ft long. Actual measurement will show that B'C' is 


exactly 1.0 ft long, and side AC' is now 1.732 ft long. Stating this relationship in a slightly different manner, you can 
say that side BC divided by AB is equal to side B'C' divided by AB' or 


BC BIC! 
AB AB! 
05 1 
a oe 
05/5405. 


providing that angle 8 did not change from its original value of 30°. 
DERIVATION 


Bearing in mind the principles established in the previous paragraph, the ratio of any two sides of a right triangle will 
always produce the same quotient, regardless of the magnitude of the sides, provided the angles remain the same. If 
each of the possible ratios of the sides of a right triangle were listed and given a specific name, you would have the so- 
called trigonometric functions. Consider the general right triangle in figure 3-2. 


Fe] 
a 
Ss 
m 
3 
§ 
~j 
mm 


SIDE ADJACENT 


Figure 3-2. Right Triangle. 


For the angle 9, there are six possible side ratios which can exist. 


Side opposite 4 Hypotenuse 
Hypotenuse Side opposite 
Side adjacent 5 Hypotenuse 
Hypotenuse Side adjacent 
Side opposite 6 Side adjacent 


Side adjacent Side opposite 
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Note that the last three ratios are merely the reciprocals of the first three. By relabeling the above ratios as the sine, the 
cosine, the tangent, the cosecant, the secant, and the cotangent respectively, of the angle é, you can say the following. 


Side opposite sine of angle 0 
“Hypotenuse = | (written as: sin 0 
Side adjacent 
2. “Hypotenuse = | cosine of angle 0 (cos 8) 
Side opposite 
3. Side adjacent = | tangent of angle 0 (tan 8) 
Hypotenuse 
4. Side opposite = | cosecant of angle 8 (csc 8 
Hypotenuse 
5. Side adjacent = | secant of angle 0 (sec 8) 
Side adjacent 
6. ‘eidaony opposite = | cotangent of angle 8 (cot 8) 


Since the trigonometric functions (sine, cosine, etc.) are merely numerical quotients of a mathematical ratio, you can 
see that by knowing any two conditions within any of the preceding formulas, you could obtain the third factor. Since 
the numerical equivalents for the trigonometric functions of any angle from 0 to 90 are listed in tables, it becomes a 
simple matter to solve mathematical problems involving these ratios. However, to better understand these tables and 
their uses, construct an abbreviated table based upon the angles 0°, 30°, 45° 60°, and 90°. To simplify your 
calculations, you need to accept certain axioms from geometry: 


e Ina30° - 60° right triangle, the side opposite the 30° angle is equal to one-half of the hypotenuse. 
e Ina45°- 45° right triangle, the hypotenuse is equal to the side opposite multiplied by v2. 
You also need to simplify your problem by making the hypotenuse a length of one unit. A slight amount of 


imagination must be exercised in visualizing a right triangle with one of the acute angles as 0° and the other as 90°. 
However, if you imagine the conditions at "very nearly" 0° and 90°, the problem becomes more realistic. 


CONDITION I. Find the value of the trigonometric functions when 8 = 0° (figure 3-3). 


4 
nust = 
a 


SIDE ADJACENT = 1 


Figure 3-3. Condition I Triangle. 
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Note. For 0°, the hypotenuse would coincide with the side adjacent making the opposite side equal to zero. 


sin 0° 


cos 0° 


tan 0° 


csc 0° 


sec 0° 


cot 0° 


Opposite 
Hypotenuse 


Adjacent 
Hypotenuse 


Opposite 
Adjacent 


Hypotenuse 
Opposite 


Hypotenuse 
Adjacent 


Adjacent 
Opposite 


2 
1 


PIR 


1 
0 
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0, 


infinity (00). 


infinity (00). 


CONDITION II. Find the value of the trigonometric functions when 0 = 30° (figure 3-4). 


Figure 3-4. Condition II Triangle. 


By the Pythagorean theorem, 


4.75 


0.866 


Therefore, 


(.5)° + (adjacent side)’ 
.25 + (adjacent side)” 

- (.25) = (adjacent side)? 
adjacent side 


adjacent side 
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Opposite 0.5 
sin 30° = Hypotenuse = 1 = 0.5, 
Adjacent 0.866 
cos 30° = Hypotenuse = 1 = 0.866, 
Opposite 0.5 
tan 30° = Adjacent = 0.866 = 0.577 
Hypotenuse a. 
csc 30 = Opposite = 0.5 = 2 
Hypotenuse L 
sec 30 = Adjacent = 866 = 1.155, 
Adjacent .866 


CONDITION III. Find the value of the trigonometric function when @ = 45° (figure 3-5). 


Figure 3-5. Condition III Triangle. 


x2+x2 =~ (1)2 
i SOY 
x? = ie) 
x = oy es 
xX = 0.707 
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Therefore, 
Opposite 0.707 
sin 45 = Hypotenuse = 1 = 0.707, 
Adjacent 0.707 
cos 45 = Hypotenuse = 1 = 0.707, 
Opposite 0.707 
tan 45 ~ Adjacent ~ 0.707 = 
Hypotenuse 1 
csc 45 = Opposite = 0.707 = 0.707, 
Hypotenuse 1 
sec 45 = Adjacent = 0.707 = 1.414, 
Adjacent 0.707 
cot 45 = Opposite = 0.707 = 1 


CONDITION IV. Find the value of the trigonometric functions for 8 = 60° 


Figure 3-6. Condition IV Triangle. 
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Opposite 866 
sin 60° = Hypotenuse = 1 = 0.866 
Adjacent 5 
cos 60° = Hypotenuse = 1 = 0.5 
Opposite .866 
tan60° = Adjacent = 500 =r “a2 
Hypotenuse 1 
csc 60 = Opposite = 866 > 1.155 
Hypotenuse BS 
sec 60 Adjacent Be) = 2 
Adjacent Rs) 
cot 60 = Opposite = 866 = 0.577 


CONDITION V. Find the value of the trigonometric functions when @ = 90° (figure 3-7). 


Figure 3-7. Condition V Triangle. 


In this instance, the hypotenuse coincides with the opposite side, and the adjacent side is reduced to zero. 


Therefore, 
Opposite ue 
sin 90 ~ Hypotenuse = al = 1 
Adjacent 0 
cos 90° ~ __ Hypotenuse ~ Sl = 
Opposite ae 
tan 90° = Adjacent = 0 = Infinity (0) 
Hypotenuse al 
csc 90 = Opposite = 1 = 1 
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Adjacent 0 
1 


sec 90° ~ Opposite : 


The next step is to list the previously calculated data into tabular form (table 3-1). 


ee oe oe a a 


Pe lew [os [ome [oe [oe 
Pe tT T- T-t 


Table 3-1. Trigonometric Functions. 


Except for the intermediate values of angles from 0° to 90°, we have constructed an actual table of trigonometric 
functions. Note some characteristics of the table. Notice that as the sine increases in value from 0 to 1 (from 0° to 
90°), the cosine decreases from 1 to 0 at the same rate. Similar relationships hold true for the other functions. Refer to 
table 3-8 for a complete table of trigonometric functions. 

TRIGONOMETRIC FUNCTIONS 

Use 


To illustrate the use of trigonometric functions and the use of the trigonometric table developed in the preceding 
paragraph, follow the solving of the problem illustrated in figure 3-8. 


100 MILES 
Target 


Let @= Azimuth 


Let R= Ronge 


Your position 


Figure 3-8. Hypothetical Triangle. 
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Problem: 
A target is located 173.2 miles north and 100 miles east of your location. Determine the range and azimuth. 
Solution: 


First determine 8, remembering that the tangent of 


9 Side opposite 
= Side adjacent 
100 
tan®@ = = 473.2 
tan@ = 0.577 


Returning to the table developed earlier, you find that 0.577 in the tangent column corresponds to 30°. Therefore, 
= 30° 
With 9 established, you can now solve for R. Recalling that the sine of an angle is equal to 


Side opposite, 
Hypotenuse 


you can write the following relationship. 


Side opposite 


sin - Hypotenuse 
100 
sin30° = “R- 


Again referring to the table, you find that the sin of 30g is 0.5. Substituting 9 in the formula, you have 


100 
05 = RR’ 
05R = 100 
R = 200 miles. 


For the given conditions, your answer is now 


range (R) = 200 miles, and 
azimuth (8) = 30°. 
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Quadrants 


The functions of angles greater than 90° can be determined by resolving them into an equivalent angle between 0° and 
90°. Consider the following coordinate system (figure 3-9) consisting of a Y or vertical axis and an X or horizontal 
axis. Let all values of X to the right of the origin be positive and all values to the left be negative. Let values of Y 
above the X axis be positive and those below be negative. Furthermore, label the four quadrants counter-clockwise I 
through IV. 


Consider a unit length vector rotating counterclockwise about the point of origin, starting at the positive X axis at the 
zero point. At any given instant for the angles 0g through 360°, the trigonometric functions can be resolved into X and 
Y components and the unit vector in relation to the angle B between the unit vector and the X axis (figure 3-10). 


Summarizing these relationships can be tabulated as in table 3-2. 


Specific examples of determining the trigonometric functions of angles greater than 90g would be as in table 3-3. 


Figure 3-10. Trigonometric Functions as X and Y Components and Unit Vector Relationships. (cont) 
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Figure 3-10. Trigonometric Functions as X and Y Components and Unit Vector Relationships. 


Table 3-2. Signs of Trigonometric Functions. 


[ee [ee 
id 90° — 180° 
a a a SC 
a A 
a a A 
a 
CS AE RG (Se 

a ee ee 


Cotangent 


Table 3-3. Determining Trigonometric Functions, Angles Greater than 90°. 


I 
90° 
+ 
+ 
+ 
+ 
+ 
+ 


+sin (180° -95°*) 
—tan (180° - 120°) 


-—cos (200° - 180°} 


+cot (250° - 180°) 


-sin (360° 
+ sec (360° 
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Radian Measure 
In addition to designing the measurement of angles in terms of degrees, it is often necessary or convenient to utilize the 


system of radian measure (figure 3-11). Specifically, a radian can be defined as "the angle at the center of a circle of 
radius r that subtends an arc of length r." 


1 RADIAN 


Figure 3-11. Radian. 
More precisely, you can state that 360° (one complete circle) is equal to 2 radians (xt = approximately 3.141593). 
Therefore, 


jo = 2hradians _ (0174533 radians 


360° 


or 


° 


1 radian = = = 57.29578 = 57° 17' 45". 
T 


A tabular listing of the more common radian and degree equivalent is listed in table 3-4. 


Table 3-4. Degree-Radian Equivalents. 
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Graphic Representation 


Frequently, it is necessary to represent the variations of the trigonometric functions in graphic form (figure 3-12). In 
this subcourse, only the method utilized for developing the sine, cosine, and tangent functions will be discussed; 
however you would develop the other function curves the same way. Assume that you want to plot the positive or 
negative value of the sine of an angle as the vertical (Y) ordinate of a graph and the value of @ (the particular angle in 
question) as the horizontal ordinate of the same graph. The following equation would then summarize our problem. 


Y = sin® 


UNIT VECTOR 


13S" 180° 225° e7o* 315° 


Figure 3-12. Graphic Representation of the Sine Function. 


For a moment, consider again the unit vector rotating about the origin of a rectangle coordinate system. As 9 increases 
from 0° to 360°, the sine of the angle will vary between the extremities of +1 and -1 in value. You will draw your 
gragh immediately to the right and plot the various values of Y or the sine of 9 throughout one complete revolution 
(table 3-5). 


Table 3-5. Values of the Sine 9 for One Revolution. 
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The plot of the cosine of angle 8 would follow the same procedure you used in plotting the sine curve. The general 
expression Y = cos 8 would define the plotted curve (figure 3-13 and table 3-6). 


Figure 3-13. Graphic Representation of the Cosine Function. 


Table 3-6. Values of the Cosine 8 for One Revolution. 


The plot of the tangent curve produces a different curve in that it is discontinuous at several points. See figure 3-14 
and table 3-7. 


Remember, the term infinity does not refer to a number of specific magnitude. It more accurately refers to the meaning 
“approaching an infinite value." 
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Figure 3-14. Graphic Representation of the Tangent Function. 


Table 3-7. Values of the Tangent 9 for One Revolution. 
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Table 3-8. Values of Trigonometric Functions. 


Lesson 3 Review Exercises 
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REVIEW EXERCISES 


1. Which of the following is the sum of the angles in a triangle? 
a. 90°. 
b. 180°. 
c. 60°. 
d. 360°. 
2. On which of the following triangles is the trigonometric relationships based? 
a. Obtuse. 
b. Left. 
c. Right. 
d. Acute. 
3. Which of the following is the sine of the right triangle? 


Side Opposite. 
Hypotenuse 


Side Adjacent. 
Hypotenuse 


Side Opposite. 
SideAdjacent 


Side Adjacent. 
Side Opposite 


4. Which of the following is the tangent of 90°? 
a. Minus one (-1). 
b. One (1). 
c. Zero (0). 


d. Infinity (0). 
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5. If the target is located 400 yards north and 300 yards east, what is the range and azimuth? 
a. 500 at 36.87°. 
b. 300 at 62.80°. 
c. 400 at 3.687°. 
d. 700 at 90°. 
6. Vectors located in the first quadrant (I), and having an angle less than 90° would be of what polarity? 
a. Part negative. 
b. Part positive. 
c. All negative. 
d. All positive. 
7. How many radians are in a circle? 
a. T/2 radians. 
b. 2 1 radians. 
c. T radians. 
d. 2 radians. 
8. How many degrees are in one radian? 
a. 5.729°. 
b. 6.283°. 
C. 57.295°. 


d. 31.40°. 


Lesson 3 Review Exercises Solutions 
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REVIEW EXERCISES SOLUTIONS 


1. Which of the following is the sum of the angles in a triangle? 
a. 90°. 
b. 180°. 
c. 60°. 
d. 360°. 
2. On which of the following triangles is the trigonometric relationships based? 
a. Obtuse. 
b. Left. 
c. Right. 
d. Acute. 
3. Which of the following is the sine of the right triangle? 


. Side Opposite. 
j Hypotenuse 


Side Adjacent. 
Hypotenuse 


Side Opposite. 
SideAdjacent 


Side Adjacent. 
Side Opposite 


4. Which of the following is the tangent of 90°? 
a. Minus one (-1). 


b. One (1). 


Oo 


. Zero (0). 


ja 


. Infinity (0). 
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5. If the target is located 400 yards north and 300 yards east, what is the range and azimuth? 
a. 500 at 36.87°. 
b. 300 at 62.80°. 
c. 400 at 3.687°. 
d. 700 at 90°. 
6. Vectors located in the first quadrant (I), and having an angle less than 90° would be of what polarity? 
a. Part negative. 
b. Part positive. 
c. All negative. 
d. All positive. 
7. How many radians are in a circle? 
a. T/2 radians. 
b. 2 T radians. 
c. Tt radians. 
d. 2 radians. 
8. How many degrees are in one radian? 
a. 5.729°. 
b. 6.283°. 
Cc. 57.295°. 


d. 31.40°. 
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Lesson 4 
VECTOR ALGEBRA 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have finished this lesson, you should be able to explain what vector algebra is and be able to 
use it to solve problems correctly. 


Conditions. You will have the subcourse book and work without supervision. 


Standard. You must score at least 75 on the end-of-subcourse examination that covers this lesson and lessons 1, 2, 
and 3 (answer 23 of the 30 questions correctly). 


In the first three lessons, you studied basic algebra, logarithms, and trigonometry. They are all necessary preparation 
for this lesson because vector algebra combines their properties. 


VECTOR QUANTITIES 


Some quantities have magnitude only; others have both magnitude and direction. Quantities with magnitude only are 
known as scalar quantities, while those with both magnitude and direction are known as vector quantities. Forces, 
velocity, and acceleration are examples of vector quantities. Scalar quantities can be added, subtracted, multiplied, and 
divided directly. Vector quantities, because of the incorporation of a second dimension (direction), must be treated 
differently. 


VECTOR NOTATION 


A vector quantity (figure 4-1) can be represented by a line segment. The length of the line represents the magnitude of 
the quantity, while the angular position of the line segment and an arrow point indicate the quantity's direction. 


Figure 4-1. Vector Quantity. 
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Usually, this quantity is known as vector OA; however, it may be written OA or OA. Occasionally, it may be 


designated by a single letter such as M, or, or M , or M. 
RESULTANT VECTOR 


Generally, vectors are combined as indicated in figure 4-2. Since the two vectors OA and BC have the same 


direction, they can be combined to produce one single vector OC (figure 4-3), having a magnitude of 21 units and 
keeping the original direction. 


Figure 4-3. Two Vectors of the Same Direction Combined. 


Resolving the principle shown in figure 4-3 into a practical illustration, suppose a boat is traveling due east at 10 mph, 
and a current is flowing due east at 11 miles per hour. The result will be a speed of 21 miles per hour for the boat in 


due east direction. Conversely, if the vector BC were in the opposite direction figure 4-4), the result would be the new 
vector OC (figure 4-5). It would have a magnitude of 1 and be in the direction as illustrated. 


Figure 4-4. Vectors of Opposite Directions. 


Figure 4-5. Vectors of Opposite Directions Combined. 
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Two vectors not in the same direction can be combined using the parallelogram method. By placing the heels of the 
vectors together and completing a parallelogram (figure 4-6), the diagonal of this parallelogram represents the resultant 


vector. For example, combining vector OA and vector OB and completing the parallelogram, you get OC as the 
resultant vector. 


Figure 4-6. Parallelogram Method of Combining Vectors. 


Three or more vectors can be combined in much the same way. By keeping their same relative directions and placing 
them "heel to toe," the resultant vector is the vector joining the heel of the first vector to the toe of the last vector. For 


example, the following three vectors, OA, PQ, and MN (figure 4-7) are combined to produce the resultant vector 


ON. Combining the vectors, you get the vector in figure 4-8. 


Figure 4-7. Three Vectors To Be Combined. 


Figure 4-8. Parallelogram Method To Find the Resultant Vector. 
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VECTOR REPRESENTATION 
Vectors are usually described in polar or rectangular form. The polar form shows the magnitude of the vector and the 
angle that it makes with the horizontal. For example, 10/30° describes a vector 10 units long at an angle of 30°. In 


rectangular form, the vector is resolved into its horizontal and vertical components, which are its projections on the 
horizontal (X) and vertical (Y) axes, and which have as their origin, the origin of the original vector. Thus, for vector 


OA (figure 4-9), the vertical component can be expressed 
Y = OA sin9, 


and the horizontal component can be expressed 


X= OA cos 0. 


Figure 4-9. Polar Form of Representing Vectors. 


Conversely, the original vector OA could be determined from the two component vectors X and Y (figure 4-10). 
Assume: 


X and Y are given (figure 4-10). 


@ and magnitude of OA is unknown. 


Therefore, 
Y 
tan 8 = —-, and 
xX 


the magnitude of OA = y-X? + .Y?. 


Figure 4-10. Determining Vector in Polar Form. 
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When dealing with the electricity, you usually have to express a vector in terms of rectangular coordinates; however, 
the vertical axis of the coordinate system is designated as the imaginary axis (j component), while the horizontal axis is 
designated the real axis. In rewriting vector 10/30° in terms of its real and imaginary components, consider first the 


following illustration (figure 4-11). 


REAL AXIS 


Figure 4-11. Rectangular Form of Representing Vectors. 


By stating that 10/30° could be represented in terms of vertical and horizontal components, you have essentially stated 
that 


10/30° = b + ja. 


However, 
b = Zcos8, 
and 
a = ZsinO. 
Therefore, 
10/30° = (10cos 8) + j(10 sin 8) 
(10 cos 30°) + j(10 sin 30°) 
= (10 X 0.866) + j(10 X 0.5) 
= 8.66 + js. 
CALCULATIONS 


Addition and Subtraction 


Since the addition and subtraction of vectors by graphic means is not sufficiently accurate without a precise measuring 
instrument, the usual practice is to convert vectors to their rectangular form and then to add or subtract them 


algebraically. 
Problem: 


Add 35/40° and 47/55° 
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Solution: 
35/40° = 35 cos40° + j35 sin 40° 
=  35(.7660) + j35 (.6428) 
= 26.81 + j22.50 
47/355° = 47 cos 55° + j47 sin 55° 


47(.5736) + j47 (.8192) 


= 26.96 + j38.50 
26.81 + j22.50 
26.96 + j38.50 
53.77 + j61.00 


To convert to polar form, remember that 


scalar value of the vertical component 


tan 8 scalar value of the horizontal component 
61.00 
= 53.77 
= = 1.134. 
Therefore, 
8 = 48.6°. 


Remembering that the horizontal component (b) was equal to Z to cos 9, we can solve the value of Z. 


In polar form, the new vector representing the sum of 35/40° and 47/55° is 81.3/48.6°. 
Multiplication 
To multiply two vectors in polar form, multiply the magnitudes together and add the angles. 
55/40° X 47/55° = (55 X47)/ 40° + 55° 
=  2,585/95° 


You can get the same result by converting the vectors to rectangular form, performing the multiplication, and 
converting the product back to polar form. 


Division 


In dividing vectors, divide the magnitudes and subtract the angles. 
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60/40° + 30/20° = = 140° - /20° = 2/20° 


RAISING A VECTOR TO A POWER 

Since a power of a quantity is essentially a repeated multiplication process, (15/20°)’ is essentially 
(15/20°) (15/20°) (15/209), 

which revolves into 
(15%) /20 + 20 + 20 = 3,375 /60°. 

ROOT OF A VECTOR 


To extract the root of a vector in polar form, extract the root of the magnitude and divide the angle by the degree of the 
root. For example, 


¥8/60° 


can be rewritten as 


¥8/60° +3 = 2/20°. 


Lesson 4 Review Exercises 
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REVIEW EXERCISES 


1. Which of the following is the correct polar form for a vector whose magnitude is 10 at an angle of 30°? 
a. 8.61 + js. 
b. 30 + j10. 
c. 30°/10. 
d. 10/30°. 
2. When multiplying two vectors in polar form, what must you do to the angles? 
a. Add. 
b. Subtract. 
c. Multiply. 
d. Divide. 
3. Which of the following do vector quantities have? 
a. Magnitude. 
b. Direction. 
c. Magnitude and Direction. 
d. Neither. 
4. What method is used to combine two vectors not in the same direction? 
a. Parallelogram. 
b. Square. 
c. Rectangle. 
d. Trapezoid. 
5. Which form shows the vector's magnitude and the angle it makes with the horizontal? 
a. Rectangular. 


b. Polar. 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question to the 
best of your ability, check your answers against the Exercise Solutions. If you missed two or more questions, you 
should retake the entire lesson, paying particular attention to the areas in which your answers were incorrect. 


Lesson 4 Review Exercises Solutions 
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REVIEW EXERCISES 


1. Which of the following is the correct polar form for a vector whose magnitude is 10 at an angle of 30°? 
a. 8.61 + js. 
b. 30 + j10. 
c. 30°/10. 
d. 10/30°. 
2. When multiplying two vectors in polar form, what must you do to the angles? 
a. Add. 


b. Subtract. 


el 


. Multiply. 
d. Divide. 

3. Which of the following do vector quantities have? 
a. Magnitude. 
b. Direction. 


. Magnitude and Direction. 


ne) 


d. Neither. 
4. What method is used to combine two vectors not in the same direction? 
a. Parallelogram. 
b. Square. 
c. Rectangle. 
d. Trapezoid. 
5. Which form shows the vector's magnitude and the angle it makes with the horizontal? 
a. Rectangular. 
b. Polar. 
Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question to the 
best of your ability, check your answers against the Exercise Solutions. If you missed two or more questions, you 


should retake the entire lesson, paying particular attention to the areas in which your answers were incorrect. 
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